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© Polymerization catalysts and process for producing polymers. 



© A polymerization catalyst comprising the following Compounds (A) and (B), and if desired Compound (C): 

(A) a transition metal compound containing a cyclopentadienyl group having at least one heteroatom; 

(B) an activating cocatalyst; and 

(C) an organoaluminum compound, is disclosed. 

These polymerization catalysts are highly active. The use of these catalysts in the production of polyolefins, 
results in homopolymers or copolymers having high molecular weight and narrow comonomer distribution. 
Further, the control of the molecular weight and the molecular weight distribution can be made by using these 
catalysts. 
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BACKGROUND OF THE INVENTION 
[Field of the Invention] 

5 The present invention relates to a novel, useful polymerization catalyst and a process for producing a 

polymer using the polymerization catalyst. More particularly, the present invention relates to a polymeriza- 
tion catalyst especially useful as an olefin polymerization catalyst, and a process for produc.ng an olefin 
based polymer, using the polymerization catalyst. 

jo [Related Art] 

Heretofore, as highly active homogeneous olefin polymerization catalysts, those catalysts composed of 
a trans.tion metal compound and aluminoxane are known (Japanese Patent Application Unexamined 
Publications Nos. Sho 58-19309 and 60-217209). 

Further it has been proposed that as active species of the homogeneous olefin polymerization 
catalysts cat.on species are useful [J. Am. Chem. Soc. 81. 81 (1959). J. Am. Chem. Soc. 82, 1953 (1960), 
J Am Ch - Soc 107 7219 (1985)]. The use of the active species in olefin polymerization after isolation, 
,s described -n. for example, J. Am. Chem. Soc. 108, 7410 (1986). Japanese Patent ApptoJonPCT 
publication No Hei 01-502636, Japanese Patent Application Unexamined Publication No. Hei 03-139504, 
and European Patent Publication No. 468651. The use of the active species with an organoalum.num 
compound is described in. for example. Japanese Patent Application Unexamined Publication No. He. 03- 
207704 and International Patent Publication No. 92-1723. 

However it is disadvantageous that the resultant polymers prepared by using a complex having a 
cyclopentadienyl ligand. as described in the above references, will have low molecular weight when 
25 polymerized at 70 to 100°C (effective temperature in an industrial process) or more. 

The present invention was made in view of the above problems, and has its object of providing a highly 
act,ve polymerization catalyst which can give rise to resultant homo- or co-polymers having high molecular 
weight and narrow comonomer distribution, and make it possible to control the molecular weight distribution 
within narrow range, and a process for producing a polymer using the polymerization catalyst. 
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SUMMARY OF THE INVENTION 

To achieve the above objects, the present invention provides a polymerization catalyst comprising the 
following Compounds (A) and (B): 

(A) a transition metal compound containing a cyclopentadienyl group having at least one heteroatom; and 

(B) an activating cocatalyst such as a compound capable of forming a cation species when reacted with 
Transitional Metal Compound (A) or its derivative. 

Further, the present invention provides a polymerization catalyst comprising the following Compounds 

^A^a^Sion metal compound containing a cyclopentadienyl group having at least one heteroatom; 

(B) an activating co-catalyst; and 

(C) an organoaluminum compound. 

Further the present invention provides a process for producing an olefin based (co)polymer, which 
comprises subjecting olefins to hompolymerization or subjecting an olefin and the other olefins or the other 
monomers to copolymerization in the presence of the above-mentioned polymerization catalyst. 

The other objects and advantages of the present invention will be apparent from the following 
descriptions. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION 

The present invention will be described in more detail below. 
1 . Transition Metal Compound (A) Having At Least One Heteroatom: 

The Transition Metal Compound (A) having at least one heteroatom, which can be used in the present 
invention, are not particularly limited to, but include a compound represented by the following Formula (I): 
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wherein M is a metal of Groups 3 to 10 or the Lanthanide Series of the Periodic Table; X is an element 
belonging to Group 13, 14 or 15 of the Periodic Table; X may be the same as or different from each other; 
the number of X may be (5 x b), and of these at least one X has an element other than carbon; R is a 
hydrogen atom, halogen atom, hydrocarbon group having 1 to 20 carbon atoms, oxygen-containing group or 
arsenic-containing group; R may be the same as or different from each other, and two or more of R 
together may form a bridge; R and M may form a bridge; a is 0 or 1 ; b is an integer of at least one, but not 
greater than the valency of M; group, [«R) a )5>Q] may be the same as or different from each other; Y is a o- 
bond ligand, chelate ligand or Lewis base; Y may be the same as or different from each other; the group, [(- 
(R)a)sXs] and Y may form a bridge; and c is an integer of at least 0 and is equivalent to an integer, (the 
valency of M - b). 

In addition, Compound (A) may preferably have, as a heteroatom, at least one atom selected from a 
phosphorus atom (P), nitrogen atom (N), aluminum atom (Al) and boron atom (B). 

Examples of the transition metal compounds include those having one heteroatom such as a phos- 
phorus atom (P), and those having two of heteroatoms such as combination of a nitrogen atom (Al) and a 
boron atom (B). 

More specific examples of the transition metal compounds include those having a metal belonging to 
Groups 3 to 10 of the Periodic Table such as zirconium, hafnium, titanium and vanadium, or a metal 
belonging to the Lanthanide Series. 
Examples include the following compounds: 

Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium dichloride, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium dibromide, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium dimethyl, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium dibenzyl, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium chloridehydride, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium dihydride, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium bis(dimethylamino)zirconium, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium dimethoxide, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium diphenoxide, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium, 
Bis(1-phospha-3,4-diphenylcyclopentadienyl)zirconium dichloride, 
Bis(1-phospha-3,4-diphenylcyclopentadienyl)zirconium dimethyl, 
Bis(1-phospha-3,4-diphenylcyclopentadienyl)zirconium dibenzyl, 
Bis(1-phospha-3,4-diphenylcyclopentadienyl)zirconium chloridehydride, 
Bis(1-phospha-3,4-diphenylcyclopentadienyl)zirconium dihydride, 
Bis(1-phospha-3,4-diphenylcyclopentadienyl)zirconium dichloride, 
Bis(l-phospha-2,5-dimethylcyclopentadienyl)zirconium dichloride, 
Bis(1-phospha-2,5-diphenylcyclopentadienyt)zirconium dichloride, 
Bis(l -phospha-cycopentadienyl)zirconium dichloride, 
Bis(l -phosphaindenyl)zirconium dichloride, 

Bis(l-phospha-2,3,4,5-tetramethylcyclopentadienyl)(cyclopentadienyl)zirconium dichloride, 
Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)(pentamethylcyclopentadienyl)zirconium dichloride, 
(9-Phosphafluorenyl)(cyclopentadienyl)zirconium dichloride, 
(1 -Phosphaindenyl)(indenyl)zirconium dichloride, 

Bis(1-phospha-3-methoxycarbonylcyclopentadienyl)zirconium dichloride, 
Ethylenebis(3-phosphaindenyl)zirconium dichloride, 
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Dimethylsilylene(3-phosphaindenyl)zirconium dichloride, 
Dimethylsilylene(3-phospha-4-methylcyclopentadienyl)zirconiumd,chlonde, 

Bis(1,3-diphospha-4,5-diphenylcyclopentadienyl)zirconium dichlor.de 
Bis(1 ,2,3-triphospha-4,5-diphenylcyclopentadienyl)zirconium d.ch or.de, 
Bis(1.2,4-triphospha-3,5-diphenylcyclopentadienyl)zirconiumd.chlor.de, 
Bis<1,2,3.4-tetraphospha-5-phenylcyclopentadienyl)zirconium d.chlor.de, 
Bis(pentaphosphacyclopentadienyl)zirconium dichlor.de, 
Bis(1-phospha-3-benzoyloxycyclopentadienyl)zirconium d.chlor.de, 
(1-Phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium tr.chlor.de, 
(1-Phospha-2,3,4,5-tetramethylcyclopentadieny)zirconiumtr.methyl, 
(1-Phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium tribenzyl, 
1-Phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium methyld.chlor.de, 
(1-Phospha-2,3,4,5-tetramethylcyclopentadienyl)zircon.um tr.hydr.de, 
(1-Phospha-3,4-diphenylcyclopentadienyl)zirconium trichloride, 
(1-Phospha-3,4-diphenylcyclopentadienyl)zirconium trimethyl, 
(1-Phospha-3,4-diphenylcyclopentadienyl)zirconium tribenzyl, 
(1-Phospha-3,4-diphenylcyclopentadienyl)zirconium methyld.chlor.de, 
(1 -Phospha-3,4-diphenylcyclopentadienyl)zirconium tr.hydr.de, 
(1-Phospha-3,4-dimethylcyclopentadienyl)zirconium trichloride, 
(l-Phosphaindenyl)zirconium trichloride, 

(1-Phospha-3-methoxycarbonylcyclopentadienyl)zirconium tr.chlor.de. 
(1 3-Diphospha-4,5-diphenylcyclopentadienyl)zirconium tr.chlor.de 
(1 2 4-Triphospha-3,5-diphenylcyclopentadienyl)zirconium tr.chlor.de, 
(l',2',3,4-Tetraphospha-5-phenylcyclopentadienyl)zirconium tr.chlor.de. 

(Pentaphosphacyclopentadienyl)zirconium trichloride, 
(1 -Phospha-3-benzoy loxycyclopentadienyDzirconium trichloride, 

:~i MA iwi-»i.-swtriiiim HinhlnriHfi. 
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Bis(imidazolylzirconium dichloride 
Bis(pyrroryl)zirconium dichloride,, 
Bis(2,5-dimethylpyrrolyl)zirconium dichloride, 
30 Bis(pyrrolyl)zirconium dimethyl, 
Bis(pyrrolyl)zirconium dibenzyl, 
Bis(pyrrolyl)zirconium chloridehydride, 
Bis(pyrrolyl)zirconium dihydride, 
Bis(pyrazolyl)zirconium dichloride, 
35 Bis(1,2,3-triazolyl)zirconium dichloride, 
Bis(1 ,2,4-triazolyl)zirconium dichloride, 
Bis(tetrazoiyl)zirconium dichloride, 
Bis(pentazolyl)zirconium dichloride, 
(Imidazolyl)zirconium trichloride, 
40 (Imidazolyl)zirconium trimethyl, 
(Imidazolyl)zirconium tribenzyl, 
(Imidazolyl)zirconium methyldichloride, 
(Imidazolyl)zirconium trihydride, 
(Pyrazolyl)zirconium trichloride, 
45 (1 ,2,3-triazolyl)zirconium trichloride, 
(1 ,2,4-triazolyl)zirconium trichloride, 
(Tetrazolyl)zirconium trichloride, 
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(Pentazolyl)zirconium trichloride, 
Bis(2,3,4,5-tetramethylarsolyl)zirconium dichloride, 
Bis(2,3,4 ) 5 1 -tetramethylarsolyl)zirconium dimethyl, 
(2 3,4,5-tetramethylarsolyl)zirconium trichloride, 
Bis(i-sira-pentamethylcyclopentadienyl)zirconium dichloride, 
Bis(1 -bora-2,3,4,5-tetramethy lcyclopentadienyl)zirconium d.chlor.de, 
Bis(1-alumina-2,3,4,5-tetramethylcyclopentadienyl)zirconium d.chlor.de, 
Bis(1 -trimethylsily l-2-methyl-1 H-1 ,2-azaboroly l)zirconium dichlor.de, 
Bis(1-tert-butyl-2-methyl-1 H-1 ,2-azaborolyl)zirconium d.chlor.de, 
Bis(2-methyl-1H-1,2-azaborolyl)zirconium dichloride, H ^hinrid ft 
(CydopentLienyW^ d.chlor.de, 
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N,N'-(dimethylsilylene)bis(2-methyl-1 H-1 ,2-azaborolyl)zirconium dichloride, 
Dimethylsilylenebis(1 -trimethylsilyl-2-methy!-1 H-1 ,2-azaborolyl)zirconium dichloride, 
(Cyctopentadiene-1 J-diyl)diemthylsilylene(1-trimethylsilyl-2-methyl-1 H-1 ,2-azaboro!yl)zirconium, 
Bis(1-phenyl-2-methyl-1-phospha-2-aluminacyclopentadienyl)zirconiumdichloride. 

5 

2. Activating Cocatalyst (B): 

The Activating Cocatalyst (B) which can be used in the present invention are not particularly limited to, 
but include a compound (Compound (B')) capable of forming a cation species from Transition Metal 
io Compound (A) or a derivative of Compound (A). 

Examples of Compound (B f ) include a compound (Compound (B-1)) capable of forming an ionic 
complex when reacted with Transition Metal Compound (A), aluminoxane (Compound (B-2)) and Lewis Base 
(Compound (B-3)). 

Compounds (B-1) capable of forming an ionic complex when reacted with Transition Metal Compound 
75 (A), are not particularly limited to, but include any compounds capable of forming an ionic complex when 
reacted with Transition Metal Compound (A). Preferable compounds useful in the present invention are 
represented by the following Formula (II) or (III): 

([L 1 -R 1 ] k+ ) p ([Z]-) q (II) 

20 

([L 2 ] k+ ) p ([Z]-) q (III) 

wherein L 2 is M 2 , R 2 R 3 M 3 , R 4 3 C or R 5 M 3 . 

In Formula (II) or (III), [Z]~ is a noncoordinating anion [Z 1 ]~ and [Z 2 ]"; [Z 1 ]~ is an anion wherein a 

25 plurality of groups are attached to an element, i.e., [MWA^.-AT wherein M 1 is an element selected from 
Groups 5 to 15, preferably Groups 13 to 15; A 1 to A n are a hydrogen atom, dialkylamino group, Ci -20 
oxygen-containing group, C1-20 hydrocarbon group, organometalloid group, halogen atom or halogenated 
hydrocarbon group; two or more of A 1 to A n may form a ring; n is an integer, [(valency of center metal M 1 ) 
+ 1]; [Z 2 ]~ is a Bronsted acid having a pKa value of below -10, a conjugated base of Bronsted acid and 

30 Lewis base, or a conjugated base of acids as generally defined as super strong acid; Lewis base may be 
coordinated; in examples of the anion, [Z 1 ]~ wherein a plurality of groups are attached to an element, i.e., 
[M 1 A 1 A 2 ...A n r, M 1 includes B, Al, Si, P, As and Sb, preferably B and Al; and A 1 to A n include dialkylamino 
groups such as a dimethylarhino group and diethylamino group, C1-20 oxygen-containing groups such as a 
methoxy group, ethoxy group, n-butoxy group, phenoxy group and 2,6-di-tert.-butyl-4-methylphenoxy group, 

35 C1-20 hydrocarbon groups such as a methyl group, ethyl group, n-propyl group, isopropyl group, n-butyl 
group, isobutyl group, n-octyl group, n-eicosyl group, phenyl group, p-tolyl group, benzyl group, 4-t- 
butylphenyl group and 3,5-dimethylphenyl group, halogen atoms such as fluorine, chlorine, bromine, iodine, 
C1-20 halogenated hydrocarbon groups such as a p-fluorophenyl group, 3,5-difluorophenyl group, pentach- 
lorophenyl group, 3,4,5-trifluorophenyl group, pentafluorophenyl group and 3,5-di(tirfluoromethyl)phenyl 

40 group, and organometalloid groups such as a pentamethylantimony group, trimethylsilyl group, trimethylgel- 
myl group, diphenylarsine group, dicyclohexylantimony group and diphenylboron group. Examples of 
noncoordinating anion, i.e., Bronsted acid having a pKa value of below - 10, a conjugated base of Bronsted 
acid and Lewis base, or a conjugated base of acids as generally defined as super strong acid, [Z 2 ]~ are 
trifluoromethanesulfonic acid anion (CF3SO3)", bis(trifluoromethanesulfonyl)methyl anion, bis- 

45 (trifluoromethanesulfonyl)benzyl anion, bis(trifluoromethanesulfonyl)amide, perchloric acid anion (CIO4)", 
trifluoroacetic acid anion (CF3CO2)", hexafluoroantimony anion (SbF G )~, fluorosulfonic acid anion (FSCbr, 
chlorosulfonic acid anion (CISO3)", fluorosulfonic acid anion/5-fluorinated antimony (FSCb-SbFs)", fluorosul- 
fonic acid anion/5-fluorinated arsenic (FS03-AsFs)"\ and trifluoromethanesulfonic acid anion/5-fluorinated 
antimony (CF 3 -S03/SbF 5 )"". L 1 is the Lewis base; R 1 is a hydrogen atom or C1-20 hydrocarbon group; and 

50 R 2 and R 3 are independently a cyclopentadienyl group or substituted cyclopentadienyl group (Cp may be 
the same as or different from each other); R 4 is a C1 -2c hydrocarbon group or C1 -20 oxygen-containing 
group; K is an ion value number of [L 1 -R 1 ] and [L 2 ], and is an integer of 1 to 3; p is an integer of at least 1; 
and q is specified by the formula: q = (p x k); M 2 has an element of Groups 1 to 3, 11 to 13 and 17 of the 
Periodic Table; M 3 is an element of Groups 7 to 12 of the Periodic Table; and R 5 is porphyrins, 

55 phthalocyanines or aryl group derivatives. 

Examples of the Lewis bases are amines such as ammonia, methylamine, aniline, dimethylamine, 
diethylamine, N-methylaniline, diphenylamine, N,N-dimethylaniline, trimethylamine, triethylamine, tri-n- 
butylamine, methyldiphenylamine, pyridine, p-bromo-N,N-dimethylaniline and p-nitro-N,N-dimethylaniline; 

5 
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pho S p» reS sue, as "«y'P»°3P»- " 
MrahyPro.hioph.na; erhers such as «h»IMnzoa»; and raMos such 

Examples of R* are tetraphenylporphyrin, phthalocyanmes, aryl and methacryl. 
Examples of M 2 are Li, Na, K, Ag, Cu, Br, I and l 3 - 

ESS 2 Co^- (B^ofUng an ionic complex when reacted *th Transition Meta, 
- '^Sr^Wammonium tetraborate, Trimethylammonium 

tetraborate, M-^^*— 
ammonium tetraphenylborate, Dimethyldiphenylammon,um tetraphenylborate. 
Triphenyl(methyl)ammonium tetraphenylborate, 
Trimethylanilinium tetraphenylborate, 
Methylpyridinium tetraphenylborate, 
Benzylpyridinium tetraphenylborate, 
Methyl(2-cyanopyridinium) tetraphenylborate, 
Triethylammoniumtetrakis(pentafluorophenyl)borate, 
Tri(n-butyl)ammoniumtetrakis(pentafluorophenyl)borate, 
Triphenylammonium tetrakis(pentafluorophenyl)borate, 
Tetra-n-butylammonium tetrakis(pentafluorophenyl)borate, 
; Tetraethylammonium tetrakis(pentafluorophenyl)borate. 

Benzyl(tri-n-butyl)ammoniumtetrakis(pentafluorophenyl)borate. 
Methyldiphenylammoniumtetrakis(pentafluorophenyl)borate 
Triphenyl(methyl)ammoniumtetrakis(pentafluorophenyl)borate, 
Methylaniliniumtetrakis(pentafluorophenyl)borate, 
Dimethylanilinium tetrakis(pentafluorophenyl)borate, 
Trimethylanilinium tetrakis(pentafluorophenyl)borate, 
Methylpyridinium tetrakis(pentafluorophenyl)borate, 
Benzylpyridinium tetrakis(pentafluorophenyl)borate, 
Methyl(2-cyanopyridinium)tetrakis(pentafluorophenyl)borate, 
Benzyl(2-cyanopyridinium)tetrakis(pentafluorophenyl)borate, 
Methyl(4-cyanopyridinium)tetrakis(pentafluorophenyl)borate, 
Triphenylphosphoniumtetrakis(pentafluorophenyi)borate, 

Dimethylanilinium 

tetrakis[bis(3,5-ditrifluoromethyl)phenyl]borate, 
40 Ferrocenium tetraphenylborate, 

Dimethylferrocenium tetrakis(pentafluorophenyl)borate, 

Decamethylferrocenium tetrakis(pentafluorophenyl)borate, ,^ rato 
45 SHvTtS^(pentafluoro P hen y .)borate, Trityl tetrakis( P entaf.uoropheny.)borate, 
Lithium tetrakis(pentafluorophenyl)borate, 
Sodium tetrakis(pentafiuorophenyl)borate, 
Tetraphenylporphyrin manganese tetra(pentafluorophenyl)borate, 
Tetrafluorosilver borate, 
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r6 ^ R6 

Al -O — (Al - 0) s _2 Al^ ... (IV) 

R 6 R6 X r6 



when;»" n* m.iy txj the same as or different from each other, and is a hydrocarbon group such as an alky I 
10 group iiJiurn^i group, aryl group or arylalkyl group, having 1 to 20, preferably 1 to 12 carbon atoms, or a 
halogen an-m arx! c is a degree of polymerization, usually from 3 to 50, preferably 7 to 40. 
Cyc ic y ta lummox ancs having a repeating unit represented by the formula: 



75 



-<A1 - 0) s - 

r6 ... (V) 

20 wheretn R is rv4ine<i m Formula (IV); and s is a degree of polymerization, usually from 3 to 50, preferably 
7 to 40 

Methnrs nt prftrvanng the above aluminoxanes are not particularly limited to, but include any known 
methods such as a process comprising contacting one or more of alkylaluminum with a condensation agent 
such as wate* AJkytalummum and a condensation agent can be reacted by known methods, for example, 

25 (t) a method comprising dissolving an organoaluminum compound in an organic solvent, and contacting the 
solution with wator. (2) a method comprising adding an organoaluminum compound to starting materials for 
polymenza:ior. and adding water to the reaction mixture later; (3) a method comprising reacting an 
organoaluminum compound with crystalline water contained in a metal salt and the like or water adsorbed 
to an inorgam: material or an organic material; and (4) a method comprising reacting tetraalkyldialuminox- 

30 ane with tnaikyia'uminum, and then reacting the reaction product with water. In addition, aluminoxanes may 
be those insoluble to toluene. 

Further. Lewis acids. Compound (B-3) are not particularly limited to, but include organic substances and 
solid inorganic substances. The organic substances include boron compounds and aluminum compounds. 
The inorganic substances include magnesium compounds and aluminum compounds. 

35 The aluminum compounds include, for example, bis(2,6-di-t-butyl-4-methylpenoxy)aluminum methyl and 
(1,1'-di-2-naphto*y>aluminum methyl. The magnesium compounds include, for example, magnesium chlo- 
ride and magnesium diethoxide. The aluminum compounds include, for example, aluminum oxide and 
aluminum chloride. The boron compounds include, for example, triphenylborane, 
tris(pentafluoropnonyl)borane, 

40 tris[3 ! 5-bis(tnfluoromethyl)phenyl]borane, 

tris[(4-fluoromethyl)phenyl]borane, trimethylborane, triethylborane, tri(n-butyl)borane, tris(fluoromethyl)- 
borane, tris(pentaliuoroethyl)borane, tris(nanofluorobutyl)borane, tris(2,4,6-trifluorophenyl)borane, 
tris[3,5-bis(trilluofomethyl)phenyl]borane, 
tris(3,5-difluorophenyl)borane. 

45 bis(pentafluorophenyl)fluoroborane, diphenylfluoroborane, bis(pentafluorophenyl)chloroborane, dimethyl- 
fluoroborane. diethytfluoroborane, di(n-butyl)fluoroborane, 

(pentafluorophenyi>difluoroborane, phenyldifluoroborane, (pentafluorophenyl)difluoroborane, phenyl- 
difluoroborane, (pentafluorophenyl)dichloroborane, methyldifluoroborane, ethyldifluoroborane and (n-butyl)- 
difluoroborane. 

50 In the case of using Compound (B-1), Compound (A) and Compound (B) may be used to provide a 
Compound (A) to Compound (B) molar ratio of 10:1 to 1:100, preferably 2:1 to 1:10. In the case of using 
Compound (B-2). Compound (A) and Compound (B) may be used to provide a Compound (A) to Compound 
(B) molar ratio of 1:1 to 1:100,000, preferably 1:10 to 1:10,000. As Compound (B), Compound (B-1), 
Compound (B-2) or Compound (B-3) alone may be used, and a combination of two or more of these 

55 compounds may also be used. Compound (A) and Compound (B) may be used to provide a Compound (A) 
to Compound (B-3) molar ratio of 1:0.1 to 1:2,000, preferably 1:0.2 to 1:1,000, more preferably 1:0.5 to 
1 :500. 
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3. Organoaluminum Compound (C): 

rr o,^:": rxsi"^™,^, „ »» p*— 

O^noa.— Compound, as Cdmpdond ,C, inc.ud. tea ««« »v « <*«*» F °'™' a 



activities. 
(VI) 

70 R 7 r AlQ 3 -r (VI) 



25 



30 



carbon atoms; Q is a hydrogen atom, halogen atom, alkoxy group nav.ng 

same can result in high activities. preferably 1 :5 to 1 :1 .000, 

4. Carrier [Compound (D)]: 

MgCfe, MgCI(OEt) and MtfOEfe. and oojan.o S^T. il, group na»oo 1 to 

1 ioorgaoio oxida oadia-s inolude S.O, AfeO, MgO ^ aft. TO, ^ 
amount of carbonates, nitrates, sulfides or the like. such as po , ys tyrene. styrene-divinylben- 

average particle size may usually range from 1 to 30U urn, preie y 

from 20 to 1 00 um. „ ortir . les; in the resultant polymers will increase. If the average 

EtoX^rpa^^ 

Chem. Soc, Vol. 60, Page 309 (1983)"). 
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Furthermore, the above-mentioned Carrier [Compound (D)] is preferably used after being calcined at 
150 to 1,000°C, preferably at 200 to 800°C. 

The olefin polymerization catalysts of the present invention are those comprising the above-mentioned 
Compound (A) and Compound (B) wherein Compound (A) and/or Compound (B), preferably Compounds (A) 
5 and (B) are supported on the above-mentioned Carrier [Compound (D)]. 

Methods of having Compound (A) and/or Compound (B) supported on the above-mentioned Carrier (D) 
are not particularly limited to, but include the following methods (1) to (6). 

(1) A method of mixing Compound (A) and/or Compound (B) with Carrier (D); 

(2) A method of treating Carrier (D) with an organoaluminum compound or a halogen-containing silicon 
io compound, and then mixing Compound (A) and/or Compound (B) with the treated Carrier (D) in an inert 

solvent; 

(3) A method of reacting Carrier (D), Compounds (A) and/or Compound (B) and an organoaluminum 
compound or a halogen-containing silicon compound; 

(4) A method of having Compound (A) or (B) carried on Carrier (D), and then mixing Compound (A) or 
75 (B) with the treated Carrier (D); 

(5) A method of mixing a contact product of Compound (A) and Compound (B) with Carrier (D); and 

(6) A method of reacting Compound (A) with Compound (B) in the presence of Carrier (D). 
In addition, in the reaction of the above Method (4), (5) or (6), the above-mentioned Organoaluminum 

Compound (C) can be added to the reaction system. 
20 The catalysts obtained as above can be used as is for polymerization without any treatment or can be 
used as a solid after removing the solvent. 

Further, in the present invention, the catalyst can be prepared by having Compound (A) and/or 
Compound (B) supported on Carrier (D) in the polymerization system. In such method, for example, an 
autoclave is charged with an inert solvent, Compound (A) and/or Compound (B) and, as required, 
25 Compound (D) described later. Then, pre-polymerization is carried out at -20°C to 100°C for 1 minute to 2 
hours while an olefin such as ethylene is introduced to keep a pressure of from normal pressure to 20 
Kg/cm 2 , to prepare catalysts particles. 

In the present invention, a mixing ratio (weight ratio) of Compound (B-1) to Carrier (D) may preferably 
be from 1:5 to 1:10,000, more preferably from 1:10 to 1:500. In the present invention, a mixing ratio (weight 
30 ratio) of Compound (B-2) to Carrier (D) may preferably be from 1:0.5 to 1:1,000, more preferably from 1:1 to 
1 :50. 

Further, a mixing ratio (weight ratio) of Compound (A) to Carrier (D) may preferably be from 1:5 to 
1:10,000, more preferably from 1:10 to 1:500. If the mixing ratio of Compound (B) ((B-1) and (B-2)) to 
Carrier (D) or the mixing ratio of Compound (A) to Carrier (D) is outside of the above ranges, the activity 
35 may be decreased. 

The olefin polymerization catalysts of the present invention, prepared as above, may have an average 
particle size of usually from 2 to 200 urn, preferably from 10 to 150 um, more preferably from 20 to 100 
urn; and a specific surface area of usually from 20 to 1,000 m 2 /g, preferably from 50 to 500 m 2 /g. If the 
average particle size is less than 2 um, small particles in the resultant polymers may increase. If the 
40 average particle size is more than 200 um, large particles in the resultant polymers may increase. If the 
specific surface area is less than 20 m 2 /g, the activity may be decreased. If the specific surface area is 
more than 1000 m 2 /g, the bulk density of the resultant polymers may be decreased. 

Further, in the catalysts of the present invention, the amount of the transition metal contained in 100 g 
of the carrier may usually be from 0.05 to 10 g, preferably from 0.1 to 2 g. If the amount of the transition 
45 metal is outside of the above ranges, the activity may be decreased. 

As mentioned above, the use of Carrier (D) may result in the resultant polymers having high bulk 
density and excellent particle size distribution, which are industrially useful. 

6. Production Process of Polymers: 

According to the production process of the polymers of the present invention, homopolymerization of an 
olefin alone, or copolymerization of an olefin and ethylene, the other olefin or the other unsaturated 
compounds is carried out in the presence of the above-mentioned polymerization catalyst. 

In this case, the kind of olefins are not particularly limited. But, alpha-olefins having 2 to 20 carbon 
atoms are preferable. More specifically, suitable alpha-olefins include, for example, ethylene, propylene, 1- 
butene, 3-methyM-butene, 1-pentene, 1-hexene, 4-methyl-1-pentene, 1-octene, 1-decene, 1-dodecene, 1- 
tetradecene, 1-hexadecene, 1 -octadecene, 1-eicosene, styrene, p-methylstyrene, p-chlorostyrene, p-t-butyl- 
styrene, p-phenylstyrene, p-methylsilyistyrene and p-trimethylsilylstyrene. 
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Example 1 

(1) Synthesis of Catalyst Component (A) (Bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconium di- 
chloride: 

5 

This compound was synthesized with reference to the description of Organometallics 7, p.192 (1988). 

(2) Preparation of Catalyst: 

w <i) A schlenk sufficiently purged with nitrogen was charged with 0.0383 g (0.087 mmol) of bis(1-phospha- 
2,3,4 ,5-tetramethylcyclopentadienyl)zirconium dichloride [(Me4C*P) 2 ZrCl2] under nitrogen atmosphere. 
Then. 8.7 ml of purified toluene were added to prepare 0.01 M toluene solution containing (Me*C*P)- 
;ZrCI 2 . 

(ii) A schlenk sufficiently purged with nitrogen was charged with 0.0876 g (0.109 mmol) of Catalyst (B) 
is (N.N-dimethylanilinium (tetrakis(pentafluorophenyl)borate ([PhNMe 2 H](B(C 6 F 5 )4)) under nitrogen atmo- 
sphere. Then, to this, 10.9 ml of purified toluene were added to prepare 0.01 M toluene solution 
containing <[PhNMe 2 H](B(C 6 FsM- 

(3) Polymerization: 

20 

A 1-litor autoclave equipped with an agitating wing, and sufficiently purged with nitrogen, was charged 
with 400 ml of purified toluene under nitrogen atmosphere. Then, 0.6 ml (0.06 mmol) of a 1.0 M toluene 
solution containing triisobutylaluminum (TIBA) were added under nitrogen atmosphere. The reaction mixture 
was kept at 20°C for one hour. Then, 0.3 ml (3.0 umol) of (Me4C4P) 2 ZrCI 2 prepared in Step (2) above were 
25 added under nitrogen atmosphere. Further, 0.3 ml (3.0 umol) of ([PhNMe2H](B(C&F5)4.) prepared in Step (2) 
above were added under nitrogen atmosphere. The polymerization was carried out for one hour while 
ethylene was continuously added with agitation so as to keep the pressure at 3 atoms. 

As a result, as indicated in Table 1, 9.6 g of polyethylene were obtained. The resultant polymer had, as 
polyethylene conversion, a weight average molecular weight (Mw) of 574,000, a number average molecular 
30 weight (Mn> ol 139.000, Mw/Mn of 4.13 and Tm of 136°C. 

The measurement conditions for GPC were as follows. 
Equipment: ALC/GPS 150C Manufactured by Waters 
Column: TSK HM + GMH6X2 Manufactured by Toso 

Solvent: 1 ,2,4-trichlorobenzene 

35 The measurement conditions for melting point (Tm) were as follows. 
Equipment: 7 Series DSC Manufactured by Parkin-Elmar 

Heat Up Rate: 10°C/min. 
Temperature Range: -50°C to 150°C 
Intrinsic Viscosity: Measured in decalin at 135°C 

40 

Examples 2 to 9 and Comparative Example 1 

The procedures of Example 1 were repeated except for the conditions as shown in Table 1. The results 
are as shown in Table 1 . 

45 In addition, synthesis of Catalyst Component (A), tetrakis(2,5-dimethylpyrrolyl)zirconium used in Exam- 
ples 4 and 7 was conducted with reference to the description of Can. J. Chem. 64, p. 1306 (1986). 
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Table 2 
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tx. 1 


9.6 


57.4 


4.13 


7.54 


136 


Ex. 2 


8.7 


30.5 


3.22 


7.05 


137 


Ex. 3 


24.6 


14.7 


3.42 


2.78 


128 


Ex. 4 


0.03 










Ex. 5 


12.9 






7.61 


137 


Ex. 6 


29.6 


24.7 


3.26 


3.98 


126 


Ex. 7 


1.3 


30.2 


2.42 


6.76 


120 


Ex. 8 


3.2 










Ex. 9 


1.0 


7.91 


6.18 


2.28 


132 


Comp. Ex. 1 


53.6 


16.4 


2.78 


2.69 


137 



Example 10 

(1) Preparation of Catalyst Component (A) + Catalyst Component (B) (bis(1-phospha-2,3,4,5-tetramethyl- 
cyclopentadienyl)zirconium ditriflate: 

Bis(l-phospha-2,3,4,5-tetramethylcyclopentadienyl)zirconiumdichloride [(Me* C* P>2 ZrC>2 ] 0.088 g (0.20 
mmol) was dissolved in 10 ml of toluene purged with dry nitrogen to obtain 0.020 M Solution A. Then, silver 
trifluoromethanesulfonate, 0.103 g (0.40 mmol) was dissolved in 10 mi of toluene purged with dry nitrogen 
to obtain 0.040 M Solution B. At room temperature, while Solution A was agitated, Solution B was added 
dropwise to Solution A. The obtained precipitates of silver chloride are filtered off to obtain a 0.010 M 
solution of bis(1-phospha-2,3,4,5-tetramethylcyclopentadienyl)2irconium ditrifulate, [(MeiC^P^ZrltOTfk. 

(2) Polymerization: 

The procedures of Example 1 were repeated except for the conditions as shown in Table 2. The results 
are as shown in Table 2. 

Example 11 to 13 

The procedures of Example 1 were repeated except for the conditions as shown in Table 2. The results 
are as shown in Table 2. 

Example 14 

(1) Synthesis of Catalyst Component (A) (Bis(1-phospha-3,4-dimethylcyclopentadienyl)zirconium dichloride): 

This compound was synthesized with reference to the description of Synthesis p. 983 (1981) and J. 
Organomet. Chem. 193, p. C13 (1980). 

(2) Polymerization: 

The procedures of Example 1 were repeated except for the conditions as shown in Table 2. The results 
are as shown in Table 2. 

Example 15 

The procedures of Example 1 were repeated except for the conditions as shown in Table 2. The results 
are as shown in Table 2. 



*[OTf] = Trifluoromethanesulfonate 
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Table 4 



No. 


Yield g 


Mw (x10~ 4 ) 


Mw/Mn 


M 


Tm 


Ex. 10 


0.23 


I 33.3 


5.27 




133 


Ex. 11 


23.9 


22.4 


1.91 




137 


Ex. 12 


2.0 


37.3 


5.10 




134 


Ex. 13 


2.4 


32.6 


3.50 


4.29 


126 


Ex. 14 


14.7 


44.6 


2.15 


4.45 


135 


Ex. 15 


8.9 


16.2 


1.82 


2.90 


123 



Example 16 

75 (Copolymerization of Ethylene and 2-Norbornene) 

Under nitrogen atmosphere, at room temperature, a 1 -liter autoclave was charged with, in this order, 40 
ml of toluene, 1.2 mmol of triisobutylaluminum (TIBA), 4 umol of bis(1-phospha-3,4-dimethylcyclopen- 
2o tadienyljzirconium dichloride and 8 umol of anilinium tetrakis(pentafluorophenyl) borate. Then, to this, 75 ml 
of a toluene solution containing 70 weight percent of 2-norbornene (0.4 mol of 2-norbornene) were added. 
After the mixture was heated to 120°C, the reaction was carried out for 30 minutes while ethylene was 
continuously supplied so as to keep the ethylene pressure at 6 Kg/cm 2 . 

After the completion of the reaction, the resultant polymer solution was introduced into 1 liter of 
25 methanol to precipitate the polymer. The polymer obtained was recovered by filtration, and dried to obtain a 
cyclic olefin based copolymer. 

The yield of the cyclic olefin based copolymer was 2.68 g. The polymerization activity was 7 Kg/g«Zr. 

The physical properties of the cyclic olefin based copolymer obtained are as follows. 

The norbomene content was 7.5 mol%. The norbornene content was calculated from a ratio of the sum 
3q of the peak based on ethylene and the peak based on the methylene group attached to 5th and 6th 
positions of norbornene, appearing at around 30 ppm in a 13 C-NMR chart, to the peak based on methylene 
group attached to 7th position of norbornene, appearing at around 32.5 ppm. 

The intrinsic viscosity fo] was 1.08 dl/g, and the degree of crystallization, measured by X-ray 
diffractiometry, was 2.6 %. 

35 The glass transition temperature (Tg) was 0°C. The Tg was calculated from the peak of the loss elasity 

measured by subjecting a specimen having a width of 45 mm, a length of 40 mm and a thickness of 0.1 
mm to RHEO-VIBRON (DDV-II Type: Manufactured by ORIENTECH CO.) at a heat up rate of 3°C/min. with 
using a frequency of 3.5 Hz. 

The weight average molecular weight (Mw), number average molecular weight (Mn) and molecular 

4o w ight distribution (Mw/Mn) measured, were 45,300, 19,600 and 2.3, respectively. Tm was 85°C (broad 
peak). 

Example 17 

45 (Copolymerization of Ethylene and 1 ,5-Hexadiene) 

The procedures of Example 1(3) were repeated except that 0.1 ml of 1 ,5-hexadiene were added after 
addition of toluene, to prepare an ethylene copolymer. As a result, 6.8 g of a polymer were obtained. The 
polymer had a melting point of 135°C, a weight average molecular weight (Mw), as polyethylene conversion, 
of 726,000 and a molecular weight distribution of (Mw/Mn) of 6.5. 

Example 18 

(1) Catalyst Component (A): 

55 

In a 200 ml flask purged with nitrogen, 2.0 g of magnesium chloride (average particle size: 70 urn, 
specific surface area: 260m 2 /g, pore volume: 260 cc/g) which had been calcined at 300°C for 4 hours, was 
dispersed in 53.2 ml of toluene. Then, 6.8 ml' of a toluene solution containing bis- 
(tetramethylphosphacyclopentadienyl)zirconium dichloride (0.02 mol/l) were added. After the reaction was 

15 
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carried out wirh agMon. a, room ranrperanrre .or » *™ SstTa 
5 (2) Polymerization: 

A apoippad „» an add** *• - ^"iX'^ZToT^ 

„(rh. undo, nltrogan atmoaphara, 400 ml of tolaana purged «* d ^ ^ ^ fc 

methy ,a to — a and -££■«-, ■ * — - 

t0 polymerization was earned out at 80 C for 1 nour wnne * obtained. 

P at 8 Kg/cm*. As a result, 46.0 g of J^Z^ of 0.2 g/dl, was 4.9 dl/g. 

The reduced viscosity measured at 135 C in decaiin, wun cu 



Example 19 



15 



20 



25 



~~ ourqed with nitrogen, was charged 

A 1-liter autoclave equipped with an ag.tat.ng ™^%^J£^. To this, 40 ml of 1-octene 
with, under n.trogen atmosphere^ 360 1 ml ^ Wj^J containing triisobutyla.uminum 
purged with dry nitrogen and 1.0 ml (1.0 mmol) of a 1.U _M to Q 2 m| (imol) 

were added under nitrogen ^osphere The react.n m^ de 
of a 0.010 M toluene solution conta.n.ng W^i pn ^ ^ m sQ|ution 

were added, and then under nitrogen *™^«°'°ZZ£e«er e added. To this solution. 1.0 ml (10 
containing N.N-dimethylanilinium tetrak,s<pentrf *™^^™*Ze were added. After the reaction 

rrw^r^ * « - r ww,e e,hy,ene was continu - 

S added with agitation so as to keep the pressure at 8 atoms. 

As a result. 3.8 g of polyethylene were obt^necL Qf g 2 g/d |, was 5.2 dl/g. 

The intrinsic viscosity measured at 135 C in decai.n. 



Example 20 



30 A 1,ter autoclave equipped with an agitating 

with 520 ml of toluene purged with dry n.trogen. Then/ ^butylaluminum were added under 
and 1.50 ml (1.50 mmol) of a 1.0 M toluene ^^^l^^P^^^ 24 
nitrogen atmosphere. The reaction ^V^^ ^ nitrogen and connected to the autoclave, 20 

35 atoms, into a catalyst supply.ng tube « rf,,c ^^^^ r ^ atmosphere. Further, 1.0 ml (10 
ml of toluene purged with dry nitrogen was J^ dU ^ 3 ™ ^.phosphacyctopentadienyOzirconium 
W mol) of a 0.010 M toluene solut.on contam.ng \ » f 0.010 M toluene solution 

bichloride were added, and under nitrogen fJ^T^^^'Sed. The catalyst was introduced 
containing N,N-dimethylanilinium tetrak f autoclave was agitated. Then, the 

40 XSS^^^tt*^- — ,y added so as to keep the 
autoclave inner pressure at 24 atoms. 

As a result polyethylene were obtained. 
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60 (B) an activating cocatalyst. 
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(B) an activating cocatalyst; and 

(C) an organoaluminum compound. 
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4. A polymerization catalyst according to Claim 1 or 2, wherein Compound (A) is a compound represented 
by the following Formula (I): 



10 



15 




M Yo 



(I) 



20 



25 



wherein M is a metal of Groups 3 to 10 or the Lanthanide Series of the Periodic Table; X is an element 
belonging to Group 13, 14 or 15 of the Periodic Table; X may be the same as or different from each 
other; the number of X may be (5 x b), and of these at least one X has an element other than carbon; 
R is a hydrogen atom, halogen atom, hydrocarbon group having 1 to 20 carbon atoms, oxygen- 
containing group or arsenic-containing group; R may be the same as or different from each other, and 
two or more of R together may form a bridge; R and M may form a bridge; a is 0 or 1 ; b is an integer 
of at least one, but not greater than the valency of M; group, [((R) a )sXs] may be the same as or 
different from each other; Y is a o-bond ligand. chelate ligand or Lewis base; Y may be the same as or 
different from each other; the group, [((RJafeXs] and Y may form a bridge; and c is an integer of at least 
0 and is equivalent to an integer, (the valency of M - b). 



5. A polymerization catalyst according to Claim 1 or 2, wherein Compound (A) is a transition metal 
compound having, as a heteroatom, at least one atom selected from a phosphorus atom (P), nitrogen 
30 atom (N), aluminum atom (Al) and boron atom (B). 

A polymerization catalyst according to Claim 1 or 2, wherein Compound (A) is a transition metal 
compound containing a metal of Group 4 of the Periodic Table. 



6. 



35 7. 



A polymerization catalyst according to Claim 3, wherein Compound (B*) is a compound (Compound (B- 
1)) capable of forming an ionic complex when reacted with Transition Metal Compound (A) or its 
derivative. 



8. A polymerization catalyst according to Claim 3, wherein Compound (B') is aluminoxane (Compound (B- 

40 2)). 



9. A polymerization catalyst according to Claim 3, wherein Compound (B*) is Lewis acid (Compound (B-3)- 
)- 



45 10. A polymerization catalyst according to Claim 3, wherein Compound (B') is composed of at least two 
compounds selected from the group consisting of Compound (B-1), Compound (B-2) and Compound 
(B-3). 

11. A polymerization catalyst according to Claim 2, wherein at least one of Compound (A), Compound (B) 
so and Compound (C) are supported on a carrier (Compound (D)). 

12. A process for producing a polymer, which comprises subjecting a monomer to homopolymerization or 
copolymerization in the presence of the polymerization catalyst according to any one of Claims 1 to 11. 

55 13. A process for producing a polymer, which comprises subjecting an olefin to hompolymerization or 
subjecting an olefin and the other olefins or the other monomers to copolymerization in the presence of 
the polymerization catalyst according to any one of Claims 1 to 11. 
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